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ORGANIC BISTABLE DEVICE AND ORGANIC MEMORY CELLS 

[001] This invention was made with Government support under Grant No. 
N00014-98-1-0484, awarded by the Office of Naval Research. The Government 
has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[002] The present invention relates generally to electronic memory cells and 
switches. More particularly, the present invention involves electronic memory 
devices which utilize memory elements that exhibit bistable electrical behavior. 

< 

2. Description of Related Art 

[003] The publications and other reference materials referred to herein to describe 
the background of the invention and . to provide additional details regarding its 
practice are hereby incorporated by reference. For convenience, the reference 
materials are numerically referenced and identified in the appended bibliography. 
[004] Many electronic memory and switching devices typically employ some type 
of bistable element that can be converted between a high impedance state and a 
low impedance state by applying an electrical voltage or other type of writing input 
to the device. This threshold switching and memory phenomena have been 
demonstrated in both organic and inorganic thin-film semiconductor materials. For 
example, this phenomenon has been observed in thin films of amorphous 
chalcogenide semiconductor (1), amorphous silicon (2), organic material (3) and 
ZnSe-Ge heterostructures (4). 

[005] The above materials have been proposed as potential candidates for 
nonvolatile memories. The mechanism of electrical bistability has been attributed to 
processes such as field and impact ionization of traps, whereas in chalcogenide 
semiconductors they involve amorphous to crystalline phase changes. Analogous 
memory effects in the leakage current of ferroelectric BaTi0 3 or (Pbi :K La y )(Zr 1 . x )03- 
based heterostructures have also been reported and discussed in terms of band 
bending due to spontaneous polarization switching. Electrical switching and 
memory phenomena have also been observed in organic charge transfer 
complexes such as Cu-TCNQ[5,6]. 
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[006] A number of organic functional materials have attracted more and mone 
attention in recent years due to their potential use in field-effect transistors (7), 
lasers (8), memories (9,10) and light emitting diodes and triodes (11,15). 
Electroluminesent polymers are one of the organic functional materials that have 
been investigated for use in display applications, in addition to display applications, 
electroluminesent polymers have been doped with high dipole moment molecules in 
order to obtain a memory effect (12). This memory effect is observed when dipole 
groups attached to side chairi of the polymer rotate due to application of a threshold 
bias voltage. Unfortunately, rotation of the dipole groups takes a relatively long 
time. Also, doping of the polymer reduces the electroluminescence of the doped 
polymer. 

[007] Electronic addressing or logic devices are presently made from inorganic 
materials, such as crystalline silicon. Although these inorganic devices have been 
technically and commercially successful, they have a number of drawbacks 
including complex architecture and high fabrication costs. In the case of volatile 
semiconductor memory devices, the circuitry must constantly be supplied with a 
current in order to maintain the stored information. This results in heating and high 
power consumption. Non-volatile semiconductor devices avoid this problem. 
However, they have the disadvantage of reduced data storage capability as a result 
of higher complexity in the circuit design, and hence higher cost. 
[008] A number of different architectures have been implemented for memory 
chips based on semiconductor material. These structures reflect a tendency to 
specialization with regard to different tasks. Matrix addressing of memory location 
in a plane is a simple and effective way of achieving a large number of accessible 
memory locations while utilizing a reasonable number of lines for electrical 
addressing. In a square grid with n lines in each direction the number of memory 
locations is n 2 . This is the basic principle, which at present Is implemented in a 
number of solid-state semiconductor memories. In these types of systems, each 
memory location must have a dedicated electronic circuit that communicates to the 
outside. Such communication is accomplished via the grid intersection point as well 
as a volatile or non-volatile memory element which typically is a charge storage 
unit. Organic memory in this type of matrix format has been demonstrated before 
by using an organic charge transfer complex. However such organic memories 
require transistor switches to address each memory element leading to a very 
complex device structure. Accordingly, there is a continuing need to provide new 
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and improved electrically bistable structures which may be used in memory 
devices. 

SUMMARY OF THE INVENTION 
[009] In accordance with the present invention, bistable electrical devices are 
provided that are convertible between a low resistance (impedance) state and a 
high resistance (impedance) state. The bistable electrical devices are well suited 
for use as electrical switching and memory devices. The bistable electrical devices 
of the present invention include a bistable body which is electrically convertible 
between a low resistance state and high resistance state by application of a 
suitable electrical voltage across the bistable body. The bistable body is composed 
of an organic, low-conductivity material and a sufficient amount of a high 
conductivity material to render the bistable body convertible between the low 
resistance and the high resistance state. 

[0010] Bistable electrical devices in accordance with the present invention include 
a first electrode located at one location on the bistable body and a second electrode 
attached to another location on the bistable body wherein application of a proper 
electrical voltage between the two electrodes results in conversion of the bistable 
body between the low resistance and high resistance states. As a feature of the 
present Invention, the high conductivity material is provided as one or more discrete 
layers located within the bistable body. The high conductivity material may also be 
disbursed throughout the bistable body in the form of nanoparticles. The high 
conductivity material used to form the bistable body can be a metal, conductive 
oxides, conducting polymer or organic conductor. The organic low conductivity 
material used in forming the bistable body can be an organic semi-conductor or 
organic insulator. Neither the low conductivity material nor the high conductivity 
material exhibits bistable behavior when taken alone. Bistable phenomena are only 
observed when the two components are combined together in accordance with the 
present inventioa 

[0011] The bistable electrical devices may be used to form a wide variety of 
memory devices wherein a memory input element is provided for applying voltage 
to the bistable body to convert the bistable body between the low electrical 
resistance state and the high electrical resistance state. The memory device further 
includes a memory read-out element which provides an indication of whether the 
bistable body is in the low or high electrical resistance state. As a feature of the 
present invention, the memory read-out element may be a light-emitting diode 
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which provides a visual indication of the electrical resistance state of the bistable 
body. 

[0012] Th above discussed and many other features and attendant advantages of 
the present invention will become better understood by reference to the following 
detailed description when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] FIG. 1 is a diagrammatic representation of a bistable electrical device in 
accordance with the present invention. 

[0014] FIG. 2 is a diagrammatic representation of a preferred exemplary bistable 
electrical device in accordance with the present invention wherein the high 
conductivity material is provided as a single layer located within the bistable body. 

[0015] FIG. 3 is a diagrammatic representation of a preferred exemplary 
embodiment of the bistable electrical device in accordance with the present 
invention wherein the high conductivity material is dispersed as clusters or 
nanoparticles throughout the bistable body. 

[0016] FIG. 4 is a diagrammatic representation of a preferred exemplary memory 
device in accordance with the present invention wherein the high conductivity 
material is in the form of a thin layer located within the bistable body and the 
memory read-out element is an LED. 

[0017] FIG. 5 is a diagrammatic representation of another preferred exemplary 
device In accordance with the present invention wherein the high conductivity 
material is dispersed as nanoparticles throughout the bistable body and the 
memory read-out element is an LED. 

[0018] FIG. 6 is a simplified view of a memory matrix formed using a bistable body 
in accordance with the present invention. 

[0019] FIG. 7 is a graph of the current v.voltage (1-V) characteristics for a bistable 
electrical device as shewn in FIG. 2 wherein the layer of high conductivity material 
is 20 nanometers (nm) thick and the two organic low conductivity layers are each 
40 nm thick. 
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[0020] FIG. 8 is a graph of the l-V characteristics for the bistable electrical device 
shown in FIG. 2 wherein the thickness of the high conductivity material layer is 
increased to 33 nm and two organic low conductivity layers are each 50 nm thick. 

[0021] FIG. 9 is a graph of the l-V characteristics for multiple sweeps of a bistable 
electrical device as shown in FIG. 2 wherein reversibility of the conversion between 
low and high resistance states is shown. 

[0022] FIG. 10 is a graph of the l-V characteristics for a bistable electrical device as 
shown in FIG. 2 wherein the layer of high conductivity material is silver which is 30 
nm thick and wherein each low conductivity organic layer is 50 nm thick. 

[0023] FIG. 1 1 Is a graph of the l-V characteristics for a bistable electrical device as 
shown in FIG. 2 wherein the low conductivity material on one side of the high 
conductivity layer is polystyrene and the low conductivity material on the other side 
of the high conductivity layer is an organic semi-conductor. 

[0024] FIG, 12 is a graph of the l-V chracteristics for a bistable electrical device 
which is the same as the one measured for FIG. 11, except that the polystyrene 
layer was replaced with polymethylmethacrylate. 

[0025] FIG. 13 is a graph of the l-V characteristics for a bistable electrical device as 
described in Example 9. The bottom curve is for the first bias sweep and the top 
curve is for the second bias sweep. 

[0026] FIG. 14 is a graph of the l-V characteristics for a bistable electrical device as 
described in Example 10. The bottom curve is for the first bias sweep and the top 
curve is for the second bias sweep. 

[0027] FIG. 15 is a graph of the l-V characteristics for a memory device of the type 
shown in FIG. 5 where the high conductivity material is dispersed as nanoparticles 
throughout the bistable body. Curve 1 is for the first bias ramp, it shows a current 
Jump at about 4 V when the device is switched into the low resistance state. Curve 
2 shows the second bias run where the device remains at the low resistance state. 
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[0028] FIG. 16 is a chart showing the l-V characteristics of the polymer light- 
emitting diode of the device as shown in FIG. 5. Curve 1 depicts the first biased 
ramp where the current increases at about 6 volts. Curve 2 shows the second bias 
run where the device remains in the low resistance state. 

[0029] FIG. 17 is the electroluminescence spectrum of a lightemitting memory 
device as shown in FIG. 5 at an electrical current of 3 mA. The corresponding 
brightness of the device is about 280 cd/m 2 . 

DETAILED DESCRIPTION OF THE INVENTION 
[0030] A bistable electrical device in accordance with the present invention is 
shown generally at 10 in FIG. 1. The device 10 includes a bistable body 12 which 
is sandwiched between a first electrode 14 and a second electrode 16. The 
bistable body 12 is shown in the form of a layer. However, it will be understood that 
the bistable body can be provided in any number of different shapes. Bistable 
bodies in the form of a thin layer or film are preferred since fabrication techniques 
for forming thin films are well known. 

[0031] The bistable body 12 includes a first surface 18 which defines a first 
electrode location on which the first electrode 14 is attached. A second surface 20 
is located on the other side of the bistable body 12. This second surface 20 defines 
a second electrode location on which the second electrode 16 is attached. 
[0032] The bistable electrical device 10 is connected to an electronic control unit 22 
via electrical connections 24 and 26. The control unit 22 is capable of providing an 
electrical voltage bias across the bistable body 12 via the two electrodes 14 and 16 
to convert the bistable body between low resistance and high resistance states. In 
addition, the control unit is capable of, among other things, measuring current to 
determine the electrical resistance of the bistable body. 

[0033] The bistable body 12 includes a low conductivity material and an amount of 
high conductivity material which imparts bistable electrical characteristics to the 
body. The incorporation of the high conductivity material into the low conductivity 
material can be accomplished in a number of different ways. The two materials 
may be co-evaporated to form a molecular solution where the bistable body does 
not have distinct phases as shown in FIG. 1. Alternatively, the high conductivity 
material may be included as one or more discrete layers (FIG. 2) or as 
nanoparticles or molecular clusters (FIG. 3). 
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[0034] Referring to FIG. 2, the high conductivity materia! is provided as a single 
layer 30 which is sandwiched between a first low conductivity layer 32 and a 
second low conductivity 34. A first electrode 36 is provided which is connected to 
the electronic control unit 38 via electrical connection 40. A second electrode 42 is 
provided which is connected to the electronic control unit 38 via electrical 
connection 44. The bistable electrical device in FIG. 2 is shown having a single 
high conductivity layer 30. It is also contemplated within the present invention that 
the bistable body may include multiple layers of high conductivity material located 
between alternating layers of low conductivity material. 

[0035] An alternate type of bistable device in accordance with the present invention 
is shown in FIG. 3 at 50. The bistable device 50 includes a bistable body 52 that is 
made up of nanoparticles of high conductivity material 54 which are dispersed 
throughout low conductivity material 56. A first electrode 58 is connected to the 
electronic control unit 60 via electrical connection 62. Second electrode 64 is 
connected to the electronic control unit 60 via electrical connection 66. 
[0036] The low conducting materials and high conducting materials which are used 
to make the bistable bodies shown in FIGS. 1-3 are the same. Suitable high 
conductivity materials include metals, such as aluminum, copper and silver. Other 
suitable metals can be high work function metals such as gold, nickel and middle 
work function metals such as magnesium and indium. Low work function metals 
may also be used such jas calcium and lithium. Metal alloys of the above metals 
(e.g., lithium/aluminum alloys) may also be used as the high conductivity material. 
Conductive oxides such as metal oxides are also suitable. Conducting polymers 
such as 3,4-polyethylenedio)^-thiophenepolystyrene-sulfonate (PEDOT) or doped 
polyaniline are also suitable high conductivity material. Organic conductors such as 
buckminster fullerene may also be used as the high conductivity material 
[0037] Suitable low conductivity materials include organic semiconductors and 
organic insulators. Exemplary organic semiconductors include small molecular 
organic materials such as 2-amino-4,5-imidazoledicarbonitiile (AIDCN); tris-8- 
(hydroxyquinoOne)aiuminum (Alq); 7,7,8,8-tetracyanoquinodimethane (TCNQ); 3- 
amino-5-hydroxypyrazole (AHP). Oligomers such as polyanaline may also be used. 
Organic insulators include polymers such as polystyrene (PS), polycarbonate (PC), 
polymethylmethacrylate (PMMA), polyolefines, polyesters, polyamides, polyimides, 
polyurethanes, polyaccetals, polysilicones and polysulfbnates. In addition 
semiconducting polymers may be utilized. Exemplary semiconducting polymers 
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include poly(phenyIene vinylene) (PPV), polyfluoren (PF), polythiophene (PT), 
poly(paraphenylene) (PPP) and their derivatives as well as copolymers. 
[0038] If desired, the above insulating polymers may be doped with selective 
dopants such as charge blocking or trapping material, electron and hole transport 
material, and luminescent material. Charge blocking material include 2,9-dimethyl- 
4,7-diphenyM,10-phenanthroline (Bathocuproine, or BCP); electron transporting 
materials include tris-(8-hydroxyquinolinolato) aluminum (Alq3) and its derivatives, 
such as tris-{4-methyl-8-hydroxyquinolinolato) aluminum (Almq3); hole transporting 
materials include N,N-diphenyl-N,N-bis(3-methylphenyl>-1, 1~diphenyl-4,4 diamine 
(TPD) and N.N-diphoiyl-N^N-bistl-naphthylphenyl)-!, 1-diphenyl-4,4 diamine 
(NPB); luminescent material include 4,4-N.N-dicarbazole-bipheryl (CBP), With 
regards to the electrodes, conventional electrode material such as aluminum, 
copper, and other electrode metals, including alloys, may be used. Conducting 
metal oxides, such as indium tin oxide (ITO), indium oxide and other metal oxides 
are also suitable electrode material. In addition, conducting polymers such as 
PEDOT and doped polyanaline may be used. 

[0039] The high conductivity material and low conductivity material may be 
combined in numerous different ways to form bistable bodies in accordance with 
the present invention that exhibit a reversible transition between high and low 
electrical resistance states. For example, the two materials may be co-evaporated 
to form a single phase bistable body (FIG. 1 ). The amounts of low conductivity and 
high conductivity material may be varied to achieve desired electrical resistance 
transition properties. A 1:1 molecular ratio of low conductivity to high conductivity 
material is preferred. Howver, the molecular ratio low conductivity to high 
conductivity material may range from 10:1 to 1:10. 

[0040] The bistable body may also be a two-phase system as shown in FIG. 2 or 3. 
As shown in FIG. 2, the high conductivity material 30 is sandwiched as a thin layer 
between two layers of low conductivity material 32 and 34. The various layers are 
formed using spin casting and/or evaporation techniques which are well known in 
the art of electronic device fabrication. The high conductivity layer is preferably on 
the order of from 0.5 nm to 5 jam thick. Thicknesses on the order of 10 to 200 nm 
are preferred. The layers of low conductivity material are preferably on the order of 
from 5 nm to 1,000 nm thick. The low conductivity layers 32 and 34 may be made 
from the same material or they may be made from different low conductivity 
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materials. For example, one of the low conductivity layers can be an organic 
insulator while the other may be an organic semiconductor. 
[0041] The bistable body may also be in the form of a two-phase system as shown 
in FIG. 3 where nanoparticles or molecular clusters of high conductivity material 54 
are dispersed throughout the low conductivity material 56. The nanoparticles and 
molecular clusters preferably have an average particle size of between 1 to 50 nm. 
Formation of a bistable body 52 as shown in FIG. 3 is accomplished using 
conventional evaporation techniques known in the electronic fabrication art for 
forming thin layers containing nanoparticles dispersed in a solid matrix. 
[0042] A memory device in accordance with the present invention is shown 
generally at 70 in FIG. 4. The device includes a bistable electrical device 72 which 
has been deposited on a light-emitting diode (LED) 74. The memory device 70 is 
connected to a control unit 76 via electrical connections 78 and 80. The bistable 
device 72 is the same as the bistable device shown in FIG. 2. The control unit 76 
provides voltage bias across the memory device to convert the bistable device 72 . 
from high to low resistance states. The LED 74 provides a visual Indication of 
which state the bistable device is in. The LED 74 may be made from any of the 
conventional materials used in making LEDs. 

[0043] A memory device using a preferred exemplary LED is shown generally at 90 
in FIG. 5. The device includes a layer 92 of indium tin oxide (ITO) onto which is 
deposited layers of poly(2-methoxy-5-(2'ethyl-hexyioxy)-1 ,4-phenylene vinyfene 
(MEH-PPV) and polyethylenedioy-thiophenepoVstyrene-sulfonate (PEDOT) as 
shown at 94. A thin layer of aluminum 96 and calcium 98 are provided as the 
electrode. A bistable body 100 is provided which Includes the nanoparficles of high 
conductivity material dispersed throughout the low conductivity material in the same 
manner as the bistable body shown in FIG. 3. A top electrode 102 is also provided. 
The memory device is connected to control unit 104 via electrical connections 106 
and 108. 

[0044] A simplified top view of an exemplary memory matrix in accordance with the 
present invention is shown at 1 10 in FIG. 6. The memory matrix is deposited onto a 
suitable substrate such as glass or silicon 1 12. The matrix Includes first electrodes 
or anodes 114, 116 and 118. Second electrodes or cathodes 120 and 122 are 
provided. A bistable body in the form of layer 124 is sandwiched between the 
electrodes. This arrangement provides 6 bistable devices at the intersections of the 
first and second electrodes. As will be appreciated, this is an extremely simplified 

m 

matrix which is used only to demonstrate an exemplary use of the invention. In 
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practice, large scale matrices will be fabricated employing numerous electrodes. 
The matrices will be both two and three dimensional 
[0045] Examples of practice are as follows: 

Example 1 

[0046] A bistable device was fabricated as shown in FIG. 2. The first step in the 
fabrication of the device involved the vacuum deposition of a layer (50 nm thick) of 
aluminum (Al) on top of a pre-cleaned glass substrate. This Al functioned as the 
anode layer 36 of the device. Next, the first low conductivity layer 32, the thin metal 
layer 30, and the second low conductivity layer 34 were sequentially evaporated on 
top of the Al anode layer 36. Then, the cathode metal (Al) was evaporated onto the 
top layer 34 to form a cathode layer 42 which was 50 nm thick. The depositions 
were carried out in a vacuum of about 1 x 10" 8 torr and the thickness of the 
depositing species controlled by a quartz crystal monitor. The low conductivity 
layers 32 and 34 were 40 nm thick with the central high conductivity layer 30 being 
20 nm thick. Aluminum was used for the central layer 30. 2-amino-4-5- 

» 

imidazoledicarbonitrile (AIDCN) was used for the two low conductivity layers (32 
and 34). 

[0047] The l-V curves for this device are shown in FIG. 7. The voltage scan used 
was 0.1 volt/step. The bottom curve is the first bias sweep and the top curve is for 
the second bias sweep. During the first scan, there was a jump in current at 
approximately 3V. The injection current increased by nearly six orders of 
magnitude. However, the second voltage scan on the device yielded higher 
injection currents even at lower biases with the two l-V curves overlapping in the 
higher voltage regime (voltages higher than 3 volts). These two l-V curves show 
the blstability of the device and its usefulness for nonvolatile memory applications. 

Example 2 

[0048] A bistable device was made in the same manner as Example 1 except that 
three high conductivity Al layers (each 20 nm thick) were deposited between 
alternating layers of AIDCN (each 20 nm thick). The device exhibited bistable 
characteristics in that the conductivity changed from 10~ 11 to 10" 8 (1/ohm,cm) upon 
application of a 5 V. bias. The device was convertible back to a low conductivity 
state by application of a -5V bias. 
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Example 3 

[0049] A bistable device was made in the same manner as Example 1 except that 
Cu was substituted for Al as the high conductivity materia! in layer 30. The Cu layer 
was 33 nm thick and the two AIDCN layers 32 and 34 were 50 nm thick. The l-V 
curves are shown in FIG. 8 where it can be seen that the transition from the high 
resistance state to low resistance state is accompanied by a sharp change in 
current up to 5 orders in magnitude. FIG. 9 shows l-V curves for multiple sweeps. 
The numbers next to the curves correspond to the bias sweep sequence. The 
multiple sweeps shown in FIG. 9 demonstrate that the transition is reversible. 

Example 4 

[0050] A bistable device was made in the same manner as Example 1 except that 
Ag was substituted in place of Al as the high conductivity layer 30. The Ag layer 30 
was 30 nm thick and the two layers of AIDCN 32 and 34 were 50 nm thick. The l-V 
curves for the device are shown in FIG. 10. As can be seen, the change in current 
is much less than the change when A1 or Cu are used as the high conductivity 
material. 

Example 5 

[0051] A bistable device was made according to Example 1 except that polystyrene 
(PS) was substituted for AIDCN in one of the low conductivity layers 32. The PS 
was first dissolved in p-xylene to produce a 2 weight percent solution. The 
polystyrene was spin cast on top of the Al electrode layer 36. The PS layer was 70 
nm thick. The Al layer 30, AIDCN layer 34 and top AJ electrode layer 42 were 
sequentially evaporated on top of the layer of polystyrene. The Al layer 30 was 25 
nm thick and the AIDCN layer 34 was 50 nm thick. The l-V curves for this device 
are shown in FIG. 11 which demonstrate bistable phenomenon. 

Example 6 

[0052] A bistable device according to Example 5 was made except that 
polymethylmethacrylate (PMMA) was substituted in place of PS. The PMMA layer 
32 was 60 nm thick with the other two layers 30 and 34 being the same as in 
Example 5. The l-V curves for this device are shown in FIG. 2 which demonstrate 
bistable phenomenon. 
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Example 7 

[0053] A number of bistable devices were made according to Example 1 except 
that the thickness of high conductivity layer 30 was varied from 2 nm to 16 nm and 
above. It was found that the Coulomb step shifts to a lower voltage as the 
thickness of layer 30 is increased. The device exhibited a sharp transition from a 
high resistance state to a low resistance state at thicknesses of 16 nm and above. 
Accordingly, when the high conductivity material is present in the bistable body as a 
thin layer, it Is preferred that the thickness of the layer be chosen to exhibit a sharp 
transition between electrical states. The preferred thickness may be determined by 
routine experimentation as demonstrated in this example. 

Example 8 

[0054] The response time of devices made according to Example 1 was measured. 
A 6V pulse with a duration of 220 ns was applied (writing mode) to the bistable 
device, at the same time the current was measured (reading mode). The response 
time for transition from "0" (low conductive) state to "V (highly conductive) state 
was determined to be less than 20 ns, which is suitable for use in high speed 
memory devices. 

Example 9 

[0055] A bistable device was made where indium tin oxide/glass was used as the 
substrate. The resulting device had the following structure: ITO/AIDCN (40 nm)/AI 
(20 nm)/AIDCN (40 nm)/AI (50 nm). The device was made by sequentially 
evaporating the materials onto the ITO substrate. 

[0056] A graph of the I-V characteristics of the device is shown in FIG. 13 which 
demonstrates bistable electrical behavior. 

Example 10 

[0057] A bistable device as shown in FIG. 1 was prepared by evaporating Al and 
AIDCN onto an aluminum electrode layer 14. A top electrode layer 16 was 
evaporated onto the previously deposited AI/AIDCN layer 12. The two Al electrode 

layers 14 and 16 were each nm thick. The evaporation rate for the AIDCN and 

Al was about 2:1 with the resulting bistable body being 100 nm thick. It is 
anticipated that the Al is in the format as metal cluster, possibly inter-connected. 
[0058] A graph of the l-V characteristics of the device as shown in FIG. 14 which 
demonstrates that the device is electrically bistable. 
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Example 1 1 

[0059] A m mory device as shown in FIG. 5 was prepared. The device includes a 
regular polymer light emitting diode (PLED) and an electrical bistable layer. Poly(2- 
methoxy-S-tZ-ethyl-hexyloxyJ-l ,4-phenylene vinylene (MEH-PPV) was used as the 
electroluminescence material. The PLED has the structure ITO/PEDOT/MEH- 
PPV/Ca/AI and was made in accordance with the procedure set forth in Ref. 13. 
[0060] The overall device was made as follows: 

[0061] The conducting polymer layer 92 (3,4-polyethylenedfoxythiophene- 
polystyrenesuffonate (PEDOT) was spin-coated onto a pre-cleaned ITO substrate 
and subsequently baked at 120°C for 2 hours. The active luminescent layer 94 
(MEH-PPV) was then spun on top of the PEDOT layer 92 by using a MEH-PPV 
* solution with a concentration of 0.7 wt% (7 mg/ml) in dichlorobenzene. The MEH- 
PPV solution was subsequently baked at 70°C for 2 hours. Additional details 
regarding the fabrication of PLEDs can be found in Ref. 13. The thickness of MEH- 
PPV layer was about 80 nm, which was determined using an Alpha-Step 
profilometer. The bilayer cathode of the PLED consists of a calcium layer 96 (50 
nm) over-coated with an aluminum layer 98 (100 nm) deposited by conventional 
vacuum evaporation. Then the bistable layer 100 was deposited on top of the Al 
layer 98 by vacuum deposition. AIDCN and Al were co-deposited to form the 
bistable layer 100. The deposition ratio between the AIDCN and Al material was 
about 1:1 . The depositions were carried out under the vacuum of about 2fc1 0" 8 torr. 
The thickness of the deposited films was controlled by a quartz crystal monitor. 
Finally, Al layer 102 was deposited on the top of the memory layer as the cathode. 
The bistable layer 100 was 100 nm thick. The cathode 102 was 50 nm thick. 
[0062] Before fabricating the device, with the PLED, the organio-metal electrical 
bistable device with the AI-AIDCN layer sandwiched between two Al electrodes was 
fabricated. The l-V characteristics of the electrical bistable device is shown in FIG. 

15. Curve 1 in FIG. 15 is for the first bias ramp where it shows a current jump at 
about 4 V and the device is switched into a high conductance state. Curve 2 is for 
the second bias run where the device remains at. the high conductance state 
thereby demonstrating the memory effect 

[0063] A typical l-V curve for the final device (including the PLED) is shown in FIG. 

16. In the first voltage scan (Curve 1), there is a sudden jump in electrical current 
at about 6 V bias. As shown by curve 1 , the injection current was "switched-up" by 
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3 orders of magnitude. However, a second voltage scan on the device as shown in 
the cuive 2 yielded higher injection currents even at lower biases with the two l-V 
curves overlapping in the higher voltage regime (voltages higher than 6 volts). 
These two l-V curves demonstrate the bistability of the device. Since this device 
includes a PLED and an electrical bistable layer, tight emission from the device can 
be observed at medium bias at "on" state. FIG. 17 shows the EL (watts/sr/m 2 ) the 
optically readable device at an electrical current of 3 mA which was measured by a 
Photon Research 650 photometer. The corresponding brightness is about 280 
cd/m 2 . The regular function of the PLED is maintained in the device wile the 
memory effect of the bistable layer is reflected by the emission of light from the 
device. 

[0064] The memoiy of this device was realized by applying a write-in voltage pulse 
to the device, and the memory was reflected by not only the electrical current, but 
the light emitted from the device. The emitted light can be read by a photon 
detector, camera or the naked eye. One of the advantages of the device is that it 
can be read in parallel, which enhances the read speed. Applying a voltage pulse 
above a critical amplitude for several tens nanosecond can switch the device into 
on state. It should be noted that one can also use small-molecule organic 
electroluminescence materials, such as Alq 3 (Ref. 14) instead of polymer materials 
to make the light-emitting layer. 

[0065] Having thus described exemplary embodiments of the present invention, it 
should be noted by those skilled in the art that the within disclosures are exemplary 
only and that various other alternatives, adaptations and modifications may be 
made within the scope of the present invention. For example, a whole polymeric 
device with a structure of polymeric electrode (anode)/polymer (1)/ polymer {2)1 
polymer (3)/ polymeric electrode (cathode) can be structured via either spin coating, 
roll-to-roll coating, or thermal evaporation or a combination of all three techniques. 
The materials for polymer (anode), polymer (cathode) as well as polymer (2) can be 
either the same or different Similarly, polymer (1) and polymer (3) can be the 
same or different. Similarly, a completely organic device having a structure of 
organic electrode (anode)/organic (1)/organfc (2)/organic (3)/organic electrode 
(cathode) can also be constructed. Accordingly, the present invention is not limited 
to the above preferred embodiments and examples, but is only limited by the 
following claims. 
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CLAIMS 

What is Claimed is: 

1. A bistable electrical device which is convertible between a low resistance state 
and a high resistance state, said device comprising: 

a bistable body which is electrically convertible between said low resistance state 
and said high resistance state, said bistable body comprising a first surface which 
defines a first electrode location and a second surface which defines a second 
electrode location, said bistable body comprising an organic low conductivity 
material and a sufficient amount of a high conductivity material wherein said 
bistable body is converted between said low resistance state and said high 
resistance state by application of an electrical voltage to said bistable body; 

a first electrode attached to said bistable body at said first electrode location; and 
a second electrode attached to said bistable body at said second electrode location. 

2. A bistable electrical device according to claim 1 wherein said high conductivity 
material is provided as one or more layers of high conductivity material located 
within said bistable body. 

3. A bistable electrical device according to claim 1 wherein said high conductivity 
material is dispensed throughout said bistable body. 

4. A bistable electrical device according to claim 1 wherein said organic low 
conductivity material is selected from the group consisting of organic 
semiconductors and organic insulators. 

5. A bistable electrical device according to claim 1 wherein said high conductivity 
material is selected from the group consisting of metals, metal oxides, conducting 
polymers and organic conductors. 

6. A bistable electrical device according to claim 3 wherein said bistable body is 
formed by condensing vapors of said high conductivity and low conductivity 
materials together to form said bistable body. 
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7. A bistable electrical device according to claim 1 wherein said bistable body is in 
the shape of a bistable layer having said first and second electrode locations 
located on opposite sides of said bistable layer. 

8. A bistable electrical device according to claim 7 wherein said bistable layer 
comprises a high conductivity layer sandwiched between first and second low 
conductivity layers wherein said first electrode location is located on said first low 
conductivity layer and said second electrode location is located on said second low 
conductivity layer. 

9. A bistable electrical device according to claim 2 wherein said high conductivity 
layer comprises a high conductivity material which is selected from the group 
consisting of metals, conducting polymers and organic conductors. 

10. A bistable electrical device according to claim 2 wherein said low conductivity 
material is selected from the group consisting of organic semiconductors and 
organic insulators. 

1 1 . A bistable electrical device according to claim 3 wherein said high conductivity 
material is in the form of nanopartfcles. 

12. A bistable electrical device according to claim 1 which further includes a diode 
connected to at least one of said first or second electrodes. 

13. A bistable electrical device according to claim 7 wherein said diode is a light 
emitting diode. 

14. A method comprising the step of applying a sufficient electrical voltage across 
the first and second electrodes of the bistable device according to claim 1 to 
convert said device between said high resistance state and said low resistance 
state. 

15. A memory device comprising: 

a bistable body which is electrically convertible between a low electrical resistance 
state and a high electrical resistance state, said bistable body comprising a first 
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surface which defines a first electrode location and a second surface which defines 
a second electrode location, said bistable body comprising an organic low 
conductivity material and a sufficient amount of a high conductivity material wherein 
said bistable body is converted between said low resistance state and said high 
resistance state by application of an electrical voltage to said bistable body; 

a first electrode attached to said bistable body at said first electrode location; 

a second electrode attached to said bistable body at said second electrode location; 

a memory input element for applying a voltage to said bistable body to convert said 
bistable body between said low electrical resistance state and said high electrical 
resistance state; and 

a memory readout element which provides and indication of whether said bistable 
body is in said low electrical resistance state or said high electrical resistance state. 

16. A memory device according to claim 15 wherein said memory readout'element 
is a light emitting diode. 

17. A memory device according to claim 15 wherein said high conductivity material 
is provided as one or more layers of high conductivity material located within said 
bistable body. 

18. A memory device according to claim 15 wherein said high conductivity material 
is dispersed throughout said bistable body. 

19. A memory device according to claim 15 wherein said organic low conductivity 
material is selected from the group consisting of organic semiconductors and 
organic insulators. 

20. A memory device according to claim 15 wherein said high conductivity material 
is selected from the group consisting of metals, metal oxides, conducting polymers 
and organic conductors. 
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21. A memory device according to claim 18 wherein said bistable body is formed 
by condensing vapors of said high conductivity and low conductivity materials 
together to form said bistable body. 

22. A memory device according to claim 15 wherein said bistable body is in the 
shape of a bistable layer having said first and second electrode locations located on 
opposite sides of said bistable layer. 

23. A memory device according to claim 22 wherein said bistable layer comprises 
a high conductivity layer sandwiched between first and second low conductivity 
layers wherein said first electrode location is located on said first low conductivity 
layer and said second electrode location is located on said second low conductivity 
layer. 

24. A memory device according to claim 17 wherein said high conductivity layer 
comprises a high conductivity material which is selected from the group consisting 
of metals, conducting polymers and organic conductors. 

25. A memory device according to claim 17 wherein said low conductivity material 
is selected from the group consisting of organic semiconductors and organic 
insulators. 

26. A memory device according to claim 18 wherein said high conductivity material 
is in the form of nanoparticles. 

27. A method for operating a memory device according to claim 15 comprising the 
step of applying a sufficient electrical voltage across said first and second 
electrodes of said memory device to convert said bistable body between said high 
resistance state and said low resistance state. 
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